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MEASURING BULK RECOMBINATION RATES AND 
BOUNDARY RECOMBINATION VELOCITIES 

UNIVERSITY or PENNSYLVANIA 
IV. Wolf 

Measurement of L (or t) and s 

I. All (tTHODS (tASURE SCK OTHER OIAKTITY, DEDUCE L (OR'C) /UC S. 

II. In MOST. THE MEASURED QUANTITY IS ALSO INFLUENCED BY OTHER PARAMETERS. THESE ARE JEPARATELv MEASURED. 

ASSLMEO. OR rCGLEaCD. 

III. All METrtlOS HA',t RANGES Of u. S. OR THE OTHER PARAMETERS. WHLkE T« utPEICENCE OF '.K MEASURED QUANTITY 
ON L ano/or s is VCAK. 

IV. TiCRE ARE STEADY-STATE AlC TI«*D£P£tC£NT MEASUREMENTS. SOME OF THE LATTER STILL DEPElC ON A TRANSPORT 
PROPERTY (L). ICT A TIME CONSTANT (T). 

V. Some methods fim) a cckcition wtcpe the maticmatical relationships become simple, f.g. real a® imacin- 

ARY PARTS OF A NLt«£R BEOtt EQUAL. 


PJIECEDTNO rAGK F.LANK NOT FILMm 
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or 0 



tmm (jjAMriTiY: 

^ ^ '^lANTED' 

^lAMTED' 

VARIABIE 

v-v 

VARIABLE 

Ci-”Ck' 

CONSTANT 

D1....D,; 

CDNSTANT 

m BE 


DEVICE 

EXTERfW. 

DEVICE 

EXTERNAL 

(»REX 


PAP-VtlERS 

FARWCTERS 

PAfmros 

PARWOERS 

NureER 


^ 1 

THICWCSSES 

®FJ' 

“tj' '^FJ' 

"bj 

T 

S-IlfUUEN- 
CING ENV'T 
□(CITATION: 
LKKT: X, f 
VOLTAGE: Vj^, f 
TEPMINAL 

ANY OF A, 
NOT 

VARIED; 

R IN 

DEPL'N 

REGION 

ANYOFBj 
NOT VARIED 


IfKIWNCE; 


s.c.j O.C.. n’t. 


Basic Requirement for Determination of Both L and u 


At LfJVST 2 UCEPES DEWT MEASURED DATA (Mj^. J^) (CEDED, 

WHICH ARE SENSITU'E TO U AND ■- IN THEIR RANGE OF INTEREST. 

( One measurement mav be sensitive to ow.y L or u, if the Qitefi 
IS SENSITIVE to fipIH.) 


2 hOEPEfCENT data ARE AVAILABLE FROM: 

, o»'^’le> numbers (one option' 

. VARIATION OF A SUIIABLE PARAMETER (EACH PARAMETER = ONE OPTION) 
FINLU a sensitive data PAIR SEEMS THE MORE LIKELY, THE MORE OPTIONS 
FOR OBTAINING 2 DAfA POINTS EXIST. 
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Type of Parameters Varied 


INTERNAL 


GENERALLY 
REQUIRES 
ESPECIALLY 
PREPARED 
SAMPLES UNITED TO REGION 
TO BE TESTED 


EXTERNAL 

MINORITY CARRIER 
EXCITATION 


r 


i.e NONPENETRATIN6 
LIGHT. SHORT CIRCUIT 
TECHNIQUES 


BEYOND RIG I ON 
UNDER TEST 


WEAK INFLUENCE OF 
OTHER REGIONS UNDER 
SOME CONDITIONS 


M = M(L.u,a.....b....) 


RECOMBINATION 
PARAMETERS AND 
OTHER INTERNAL 
PARAMETERS 
OUTSIDE THE 
REGION OF INTEREST 
ELIMINATED 
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Classification of Methods 


TYPE 

EXCITATION 

M 

VARIED 

EXTERNAL 

PARAMETERS 

NUMBER 

OF 

OPTIONS 

ASLBIC 

1 

1 

! 

LIMITABLE 

1 

REAL 

\ 

1 

1 

r .. . ,r -j 

MODULATED 

LIGHT 

method 

LIMITABLE 

COMPLEX 

X 

3 

3 

IMPEDANCE 

DEVICE 

DEPENDENT 

COMPLEX 

1 

'JO 

2 

i .. . 

'sc • '^oc 
PAIR 

DEVICE 

DEPENDENT 

COMPLEX 

CIRCUIT 

IMPEDENCE 

1 

SCCD 

HEVICE 

DEPENDENT 

REAL 

CIRCUIT 

IMPEDENCE 

1 


I 

i 


i 



h 
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Goal: Reduce the Number of Variable or Constant Parameters 
(Requirements Listed in Order of importance): 

1. ElIMIWTE UfU£NCE OF UWtASURAOf RWWE7ERS. 

2. FlfO SENSITIVE RELATIOfCHIP BETWEEN ^ 

3. ftTHD SHOULD EE APPLICABLE TO FINISHED. OH IN-PflOCESS PROOJCT. 

4. FIM) EASILY TtASURABLE QUANTITY M. AH) EASILY. PEPEATABLY VARIABLE PAIWETERS. 

5. REDUCE ftJMBER OF IffUJENCiNG PAR/^RS. 

6. Fife SIf»L£ RaATIONSHIP. 

The Basic Carrier Diffusion Expression 

AN EXAMPLE FOR M: (ASLBIC): 

^ = TOLL * b5y (l B^r W } 

(SIMPLEST FORM FOR SINGLE-UYER FRONT REGION) 

WITH THE BASIC VARIABLES: 

Y-iiJ-f-: A - B*»(O.X.j_f 


VERY SIMILAR RELATIONSHIPS FOR OTHFR METHODS. 



S:»flE5 CM/S 
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Measurement Comparison Criterion 

SL.GITIVITY ANALYSIS DETERMINES THE ERRORS IN CONSEQUENCE OF 
INACCURACIES IN THE MEASURED DATA AND THE PARAMETERS. 

EXAfIPL. ASLBIC: 


l2 . 

. .) 

(1) 

‘2 • 

. .) 

(2) 


IDEALLY. THESE EQUATIONS WOULD BE ANALYTICALLY INVERlABLE TO; 


S = S 

(ilj/ ^2 A ^2' ^2 ’ ' 

.. Bi . 

. ,) 

(3) 

L = L 

(fll / ^2 ' * 2 ' ^ 2 ' ^2 * * 

Bi . 

. .) 

(A) 


AKD THlN permit A SENSITIVITY ANALYSIS SUCH AS: 


'21a, 




(5) 


(6) 


AS EQ. (1), (2) ARE TRANSCENDENTAL (3). (A) ARE NOT ANALYTICALLY 
EXPRESSABLE. 

HOWEVER; 

S = S (L, M, », A2 . . B| . . .) 

IS AVAILABLE, AND CONSEQUENTLY (6). FOR (5). NOTE 

li, f 

WHERE ANALYTICAL TREATMENT NOT POSSIBLE, LINEAR APPROXIMATIONS: 

Mi M, (Sp. Lp. Aj) . . . .) . UJ . .Ai, 1 

M2 Mg (Sp, Lp, Aj ) + ^ ^ , 4 Aj^ 2 


"! "l * £ 


Lp, Aj + iA^, j, . . . 


MAY YIELD SOME INFORMATION ON SENSITIVE RANGES, 

30A 


(♦/ 




